The emergence and diffusion of antibiotic-resistant bacteria has been a major public health 43 problem for many years now. In this study, antibiotic-resistance of coliforms and Escherichia 44 coli were investigated after their isolation from samples collected in a municipal wastewater 45 treatment plant in the Milan area (Italy) along different points of the treatment sequence: 46 inflow to biological treatment; outflow from biological treatment following rapid sand 47 filtration; and outflow from peracetic acid disinfection. The presence of E. coli that showed 48 resistance to ampicillin (AMP) and chloramphenicol (CAF), used as representative antibiotics 49 for the efficacy against Gram-positive and Gram-negative bacteria, was evaluated. After 50 determining E. coli survival using increasing AMP and CAF concentrations, specific single-51 resistant (AMP R or CAF R ) and double-resistant (AMP R /CAF R ) strains were identified among 52 E. coli colonies, through amplification of the β-lactamase Tem-1 (bla) and acetyl-transferase 53 catA1 (cat) gene sequences. While a limited number of CAF R bacteria was observed, most 54 AMP R colonies showed the specific resistance genes to both antibiotics, which was mainly 55 due to the presence of the bla gene sequence. The peracetic acid, used as disinfection agent, 56
in Ca 2+ -free and Mg 2--free phosphate buffered saline by 10 -2 to 10 -4 to have a reliable colony 160 number. Since green colonies can be mostly ascribed to β-glucoronidase-positive 161 Enterobacteria, and E. coli is by far the prevalent-one compared to Salmonella and Shigella 162 (Fekadu et al., 2015) , the latter-ones were not taken into consideration. Considering the 163 EUCAST breakpoint tables, that classify Enterobacteria as AMP R and CAF R when the MIC is 164 > 8 µg/mL (The European Committee on Antimicrobial Susceptibility Testing (2016; 165 Choffnes et al., 2011) , the E. coli colonies were grown in agar medium where increasing AMP 166 and CAF concentrations had been added (0, 8, 16 , 32 µg/mL; Sigma, St Louis, MO, USA), to 167 selectively monitor and count the resulting AMP R and CAF R colonies. 168
The AMP stock solution (50 mg/mL) was prepared in deionised water, filter-sterilised 169 through 0.45-µm cellulose nitrate membrane, and stored at -20 °C. The CAF stock solution 170
(50 mg/mL) was prepared in 99% ethanol, and stored at 4 °C. 171
The plates with the E. coli colonies were incubated for 24 h at 44 °C, and the colony 172 counts are expressed as CFU/100 mL. The percentage of ARBs was estimated as the ratio 173 between the number of colonies growing in the presence and absence of the respective 174 antibiotics. Enumeration of E.coli was carried out five times following the UNI EN ISO 175 procedure 9308-1:2002 for each combination of three parameters (sampling point, dilution, 176 and antibiotic concentration), for a total of 120 analyses. 177 178
Detection of AMP R and CAF R genes and single or double-resistant bla + and cat + E. coli 179 colonies by PCR 180
From one of the five IN-BIO and five OUT-BIO samples, a maximum of 60 well separated E. 181 coli green colonies were picked up from the filter membranes, and transferred to the masterAll of the AMP R and CAF R E. coli colonies were grown and screened by PCR to 185 determine the presence of the β-lactamase Tem-1 (bla) (Baraniak et al., 2005) In the absence of antibiotics, the number of E. coli colonies that grew on the chromogenic 225 agar medium were 3 ×10 6 CFU/100 mL in IN-BIO samples, and were reduced to 1.5 ×10 3 226 CFU/100 mL after the biological treatment in OUT-BIO samples, with a decrease of >3-log 227 units. A further reduction to <10 CFU/100 mL was found after the final disinfection process, 228 resulting in >2-log units decrease in OUT-DIS samples. 229
The relative numbers of AMP R and CAF R E. coli colonies compared to the total E. coli 230 colonies are shown in Figure 2 , as an average of the 10 data obtained per each sampling point 231 and each AMP ( Fig. 2A) and CAF (Fig. 2B) concentration. At any of the AMP concentrations 232 ( Fig. 2A) , no significant decrease of ARBs is observed through the biological treatment 233 (OUT-BIO versus IN-BIO samples), whereas a slight decrease was found for both the IN-BIO 234 and OUT-BIO samples with the increase in the antibiotic from 8 µg/mL to 16 µg/mL, with no 235 further significant changes when using 32 µg/mL. Although a decrease is always present after 236 disinfection, only at the lowest AMP concentration (8 µg/mL), the treatment with peracetic 237 acid significantly reduced the AMP R E. coli colonies (3% vs. 37.2%; p <0.05). In the case of 238 the CAF R E. coli, the colony numbers were always very low, with no significant changes seen 239 (Fig. 2B) . 240 241
AMP R E. coli colonies increase with AMP concentration as well as bla + E. coli in OUT-242

BIO samples 243
To determine the presence of the bla and cat resistance genes in the E. coli colonies that 244 survived the exposure to AMP or CAF (i.e., the AMP R and CAT R E. coli), the colonies grown 245 on LB-agar plates were picked up and the specific bla and cat sequences were amplified by 246 PCR. After electrophoretic separation of the DNA from the selected E. coli colonies, the bla 247 and cat gene fragments appeared as 721-bp and 630-bp bands, respectively, as shown in the 248 representative samples in Figure 3 . The same fragments for bla and for cat were also 249 amplified from pcDNA3-CAT plasmid, used as a positive control. 250
Based on the number of E. coli colonies grown on LB-agar in the presence of the 251 antibiotics, the AMP R total-coliform colonies showed a decrease of around 2-log units for the 252 OUT-BIO versus IN-BIO samples at all three of the AMP concentrations; this was paralleled 253 by the total E. coli colonies (Table 2) . Here, after the biological treatment and filtration 254 process (i.e., the OUT-BIO samples), at 32 µg/mL AMP, the total E. coli colonies represented 255 60% of the total coliforms, thus indicating that most of the E. coli AMP R colonies were 256 selected for. Among these total E. coli colonies, in the IN-BIO samples at 8, 16, 32 µg/mL 257 AMP, the bla gene sequence was present (i.e., the bla AMP resistance was related to the presence of the bla gene, the product of which promotes 343 hydrolysis of the β-lactam ring of AMP, whereas lower levels of cat + E. coli colonies were 344 found, which suggests that CAF resistance might be related to mechanisms that do not involve 345 the cat gene. The higher levels of AMP R than CAF R E. coli colonies versus total AMP 
